INTRODUCTION
Mitochondrial membranes are manufactured by close cooperation between protein synthesizing systems located in the cytoplasm and in the mitochondria, respectively. More than 90% of the mitochondrial proteins are synthesized in the cytoplasm. However, some of the enzymes of the respiratory chain are coded for by both nuclear and mitochondrial DNA. In the presence of inhibitors of mitochondrial protein synthesis (e.g. chloramphenicol, acriflavine and ethidium bromide) mitochondria continue to be made but they lack a functional respiratory chain. Most eukaryotes stop growing after a few generations in the presence of such inhibitors. In contrast, facultative aerobes like yeasts may continue growing, provided a fermentable substrate is present. Yeasts, in particular Saccharomyces species, have therefore been used extensively in studies of mitochondrial biogenesis. However, long-term treatment of 'petite positive' yeasts like Saccharomyces with inhibitors of mitochondrial protein synthesis often leads to induction of vegetative mutations ('petite' mutations) resulting in irreversible loss of mitochondrial function (review by Schatz & Mason, 1974) .
In the present work we have studied the effect of chloramphenicol (CAP) on respiration, fermentation and growth of the 'petite negative' (Heslot et al., 1970b ) yeast Schizosuccharomjces pombe. Our results show that CAP specifically inhibits mitochondrial protein synthesis and that the respiratory deficiency induced by CAP is reversible after growth in CAP for more than 200 generations. In addition, we demonstrate that respiratory deficient cultures can be division-synchronized and the synchronous divisions followed after removal of CAP. Schizosaccharomyces thus appears to be well suited for studies of mitochondrial biogenesis in general as well as in relation to the cell cycle.
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METHODS
Schizosacchurumyces pornbe, haploid strain 972 h-was grown in the chemically defined medium, EMM2 (Mitchison, 1970 Oxygen uptake and COS production were determined by Warburg's first method as described previously (Hamburger et a/., 1977) . CAP was added to cultures in exponential growth (1 x lo6 to 2 x lo* cells ml-l). After about 15 min (to allow for dissolution of CAP), 3 ml and 1 ml of cell suspension were pipetted into the Warburg flasks for measurement of 0% consumption and COa production, respectively. After a period of equilibration (about 15 min) the manometers were closed. Since the rate of Oe consumption in S. pombe is very low (1.5 x rnms cell-' h-l, Kramhsft et al., 1978) the changes in manometer readings during the first 1 -5 to 2-5 h could not be recorded. Consequently, reliable measurements of Os consumption could not be obtained until 1.5 to 3 h after addition of CAP. Bulk RNA was estimated by the orcinol method (Schneider, 1945) and protein was determined using the Lowry method. Cell counts were carried out on live or fixed cells (in 25,, w/v, formaldehyde) in a Biirker-Tiirk haemocytometer.
Synchronously multiplying CAP-treated cultures were obtained either by the selection technique as outlined by Mitchison & Vincent (1965) using lactose gradients (7.5 to 30%) made up in growth medium, or by the cyclic heat treatment of Kramhsft et ul. (1978) . In the latter case the interval between successive heat shocks was adjusted in accordance with the generation time of CAP-treated cultures. Four heat shocks were sufficient to induce a satisfactory degree of synchrony. At the end of the synchronizing treatment (i.e. after harvest of the small cells from the gradient or at the end of the final heat shock, respectively) CAP was removed by separation of the cells from the medium on a Millipore filter (pore size 0-45 ym) followed by transfer of the filter with cells to conditioned EMM2. Conditioned medium was supernatant from a culture in early exponential growth.
RESULTS A N D DISCUSSION
Addition of CAP to growing cultures resulted in a marked reduction of respiration (Fig. la) . The O2 uptake per cell was calculated at various times after the addition of CAP and expressed as a percentage of that of untreated cells. The method does not allow measurements until 1-5 to 3 h after addition of CAP, but as values obtained at 2 to 3 h only deviate slightly from control values (100% level, Fig. I) , we believe that the cells were unaffected by the drug during the first 2 h of treatment. Thereafter, the O2 uptake per cell decreased gradually with time and about 15 h later it was reduced to 10 to 15 % of the control level. This low level of respiration was maintained throughout the experimental period and as long as the cells were kept growing in CAP-containing medium.
As demonstrated, 85 to 90% of the respiration was sensitive to CAP. In Fig. l(b) the respiration data from Fig. I( a) are corrected for CAP-insensitive respiration (12.5 %) and shown in a semilogarithmic plot. As seen, the points fit a straight line, indicating that after the initial lag, the respiration per cell was halved each 2.5 h, which is equal to the doubling time of the first 2 to 3 generations in CAP medium. These kinetics suggest that functional mitochondria form at normal rate during the first 2 h in CAP and that all mitochondria produced later have a defective respiratory chain. This suggestion is further supported by the fact that non-growing cells maintain their initial rate of respiration in the presence of CAP. Cycloheximide (CHI) arrests incorporation of amino acids and growth in S. pombe almost immediately (Polanshek, 1977) . If CHI and CAP were added simultaneously, no decrease in respiration of S. pombe was observed for at least 5 h after addition of the drugs. This indicates that defective mitochondria, which lack protein subunits essential for the respiratory chain, arise only after de novo synthesis of mitochondria1 structures in the presence of CAP.
Ultimately, respiratory deficiency is reflected in a somewhat reduced growth rate. Up to about 6 h, or 2 to 3 generations after addition of CAP, no effect was observed on the rate of cell multiplication and synthesis of protein and bulk RNA. The doubling time of cell number, protein and RNA content was 2.4 h. However, after treatment with CAP for more than 6 h and at least up to 300 h (approx. 100 generations) the doubling time with respect to the above parameters was increased to 3 h. This means that long-term treatment with CAP had no effect on the average content of RNA and protein per cell. The growth rate of CAP-treated cells was reduced by about 30% compared to untreated cells. It can be calculated (Heslot et al., 1970a) that energy production in CAP-treated respiratory deficient S. pombe cells is diminished by 32%. Thus, the reduction in growth rate correlates well with the reduction in energy production, the reduced growth rate being a consequence of the diminished energy output rather than a direct effect of CAP.
We thus feel justified in concluding that CAP in S. pombe inhibits mitochondria1 protein synthesis specifically without interfering with cytoplasmic protein synthesis. This conclusion is based on the following: (1) the rate of fermentation (a cytoplasmic function) is unaffected after many generations of growth in CAP (Fig. la) , (2) the RNA and protein content per cell remain constant and equal to the control values and (3) the growth rate is reduced only in proportion to the diminshed energy production.
The effect of CAP on respiration is reversible. Cells grown in CAP for 1 0 0 to 150 generations were transferred to EMM2 and recovery of respiration followed. About 2 h 282 Short communication after removal of CAP, the O2 uptake per cell started to increase gradually. Two h later it was SO?(-, and 6 h later 85 to 90% of the control value. Ultimately, full recovery was obtained. The rate of cell multiplication returned to normal in a parallel fashion. The kinetics of recovery suggest that a dilution of defective mitochondria takes place with growth.
Respiratory recovery can be studied in synchronously multiplying cultures. Respiratory deficient cultures were division-synchronized by the selection technique or by heat shocks. Two synchronous divisions were observed after removal of CAP, each resulting in a doubling of the cell number. The time between successive divisions was 3.3 h in the selectionsynchronized cultures, which agreed fairly well with the generation time of CAP-treated cells (3 h). The interval between successive divisions in heat-synchronized cultures was shorter than in selection-synchronized cultures, 2.4 h compared to 3.3 h. This acceleration is in agreement with results discussed extensively in previous publications (Zeuthen, 1971 ; Kramharft & Zeuthen, 1971; Kramhnrft et al., 1978) and suggests that CAP-treated cells respond to heat treatment in the same way as do normal cells. The recovery of respiration in these cultures occurred at the same rate as in randomly dividing cultures.
In conclusion we have demonstrated that CAP inhibits mitochondria1 protein synthesis in Schizosaccharomyces specifically and reversibly. Furthermore, we have shown that respiratory deficient cells can be division-synchronized. Schizosaccharomyces pombe may thus provide a useful tool in future studies of mitochondria1 biogenesis in general as well as in relation to the cell cycle.
